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Zero b ia s  tu n n e lin g  anom alies a re  b e l ie v e d  to  be due to  some k in d  
o f  i n t e r a c t i o n  betw een conductance  e le c t r o n s  and im p u r i t ie s  a t  th e  b a r r i e r .
The q u e s tio n  a r i s e s  n a tu r a l l y  w h e th er on ly  im p u r i t ie s  in  th e  im m ediate 
v i c i n i t y  o f  th e  ju n c t io n  su r fa c e  a r e  e f f e c t iv e  o r  th o se  p la c e d  in s id e  th e  
e le c t r o d e  m e ta l as w e l l .  The e f f e c t s  of th e  l a t t e r  type im p u r i t ie s  can  be 
re a so n a b le  re g a rd ed  as  l o c a l  d is tu rb a n c e s  in  th e  conductance  e le c t r o n  wave 
fu n c t io n s  r a t h e r  th an  m o d if ic a t io n  o f  th e  tu n n e l in g  m a tr ix  e lem en ts  l i k e  
im p u r ity  a s s i s t e d  c h a n n e ls . This would g iv e  an o p p o r tu n i ty  to  i n v e s t i g a t e  
b u lk  im p u r ity  e f f e c t s  v i a ’ tu n n e l in g .  In  th e  p re s e n t  work new type  o f  
ex p erim en ts  w ere s t a r t e d  to  i n v e s t ig a te  t h i s  p rob lem .
The dynam ical r e s i s t a n c e  o f  Al-AlgO^—A1 tu n n e l ju n c t io n s  R(V)=dV/dI 
v e rs u s  th e  v o l ta g e  V was m easured by  s ta n d a rd  m o d u la tio n  te c h n iq u e . The 
ju n c t io n s  w ere f a b r i c a te d  in  th e  fo llo w in g  way. An alum inium  s t r i p  e v ap o ra te d  
a t  f i r s t  was o x id iz e d  a t  a tm o sp h eric  p re s s u re  i n  a i r .  The second alum inium  
e le k tro d e  was p rep a red  i n  two s t e p s .  F i r s t  a  t h i n  A1 l a y e r  o f  th ic k n e s s  
D = 20 -  200 / h e r e a f t e r  r e f e r r e d  to  as " a d d i t io n a l  l a y e r ”/  was d e p o s ite d  
on to  th e  o x id e  s u r fa c e  a s  shown i n  F ig . 1 . /T h e  th ic k n e s s  D was m easured  by 
o p t i c a l  a b s o r p t io n . /  B efo re  e v a p e ra tin g  th e  r e s t  o f th e  second  A1 e le c t r o d e  
t h i s  h a lf-m ad e  ju n c t io n  s ta y e d  a " w a it in g  tim e"  t  o f th e  o rd e r  10 m in u te s  a t  
a  p re s s u re  2 .1 0 “5 t o r r  in  th e  e v a p o ra tio n  cham ber. In  t h i s  way we have g o t 
ju n c t io n s  e x h ib i t in g  g i a n t  zero  b i a s  r e s i s t a n c e  maximum, w hich  i s  m ost 
p ro b a b le  th e  same e f f e c t  th a t  was r e c e n t ly  fo u n d  in  s e v e r a l  ju n c t io n s  
p re p a re d  by d i f f e r e n t  te c h n iq u e s  [ 1 ,2 ,3 - ]  Thus w ith  sm a ll D th e  ju n c t io n s  show 
th e  same q u a s i - lo g a r i th m ic  anomaly in  R(V)-R0 (V)= AR(V)curve /HQ(Y) i s  the  
background r e s i s t a n c e ,  F ig .2 . /  as  found by Shen and R ow ell 1 ^1 ,and e x a c t ly  th e  
same te m p e ra tu re  dependence as in  e a r l i e r  e x p e r im e n ts . The s i m i l a r i t y  i s  
pronounced by th e  f a c t ,  t h a t  in  some case s  we have found even th e  w e l l  known 
[3»4»5»6] conductance  peak  a t  ze ro  b ia s  su p erp o sed  on th e  b road  r e s i s t i v i t y
maximum» how ever a t  th e  p re s e n t  we can n o t re p ro d u ce  t h i s  e f f e c t  a t  w i l l .
We have in v e s t ig a te d  th e  dependence o f th e  anom aly on tn e  w a it in g  
tim e t  and on th e  th ic k n e s s  of th e  a d d i t io n a l  Л1 la y e r  D, shown in  F ig .3 *  
and 4 . r e s p e c t iv e ly .  We m ention t h a t  th e  change o f th e  e v a p o ra t io n  r a t e  of 
th e  a d d i t io n a l  la y e r  betw een  3-50  -£ /sec has no s e r io u s  e f f e c t ,  so we m ight 
th in k  th a t  t h i s  l a y e r  i s  r a th e r  u n ifo rm . The ju n c t io n s  have  shown good gap 
c h a r a c t e r i s t i c s  u n d er th e  c r i t i c a l  te m p e ra tu re  c lo se  to  th e  h u lk  v a lu e  f o r  
A1 1 .20  K°. Thus no in d ic a t io n  o f g ra n u la r  [7 ] o r  sandw ich  [8] s t r u c t u r e  
occured c o n ce rn in g  th e  v a lu e  o f T .
We b e l ie v e  t h a t  th e  anomaly found i s  due to  some k in d  o f im p u r i t ie s  
form ed d u r in g  th e  w a it in g  tim e on th e  s u r fa c e  o f  th e  a d d i t i o n a l  l a y e r ,  which 
in  tu rn  g o t in s id e  th e  second A1 e le c t r o d e  by  th e  c o m p le t i t lo n  o f th e  
ju n c t io n .  T h is  i s  e s ta b l i s h e d  by th e  fo l lo w in g s :
The anomaly was found to  be due to  th e  i n t e r a c t i o n  o f  the  a d d i t io n a l  
l a y e r  and th e  low p r e s s u r e  a tm osphere  w ith in  th e  e v a p o ra t io n  cham ber. When 
th e  p re s s u re  was in c re a s e d  d u rin g  th e  w a it in g  tim e  to  10“^ t o r r ,  th e  anomaly 
o ccu red  a f t e r  much s h o r t e r  tim e t ,  i . e .  a f t e r  a  few sec o n d s . On th e  o th e r  
hand w ith o u t th e  a d d i t io n a l  la y e r  no anomaly was found a t  a l l .  At th e  p re s e n t  
c irc u m sta n c e s  /room  te m p e ra tu re , 2 .1 0 “ 5 t o r r /  t h i s  i n t e r a c t i o n  can n o t be 
ex p ec ted  to  d i s p la y  any d ram a tic  e f f e c t  on th e  s tu c tu r e  o f  th e  a d d i t io n a l  
l a y e r  such  as  fo rm a tio n  o f  a  second in s u l a t i n g  ox ide l a y e r  as  in  th e  
ex p erim en t o f  G iaev e r e t  a l .  [9 ] C o n tro l m easurem ents have  shown no in s u l a -  
t i o n  beyond th e  e x p e r im e n ta l r e s o lu t io n  10 0/mm , and no d e c re a se  i n  the  
o p t i c a l  a b s o r p t io n  o f th e  a d d i t io n a l  la y e r  o ccu red  beyond th e  e r r o r  0.5% 
in d ic a t in g  an o x id a t io n  r a t e  l e s s  th e n  one a to m ic  la y e r .
A nother im p o r ta n t f e a tu r e  i s  t h a t  in c r e a s in g  th e  th ic k n e s s  o f  th e  
a d d i t io n a l  l a y e r  th e re  i s  a  pronounced change in  the- shape  o f th e  anom aly 
p lo t t e d  as  G (V) = d V /d l v s ,  Y, F i g .5 . In  th e  conductance  th e  c o n tr ib u t io n s  
o f  d i f f e r e n t  m acroscop ic  re g io n s  o f  th e  ju n c t io n  a re  s im p ly  summed up'. This 
f a c t  r u le s  o u t th e  assu m p tio n  th a t  th e  v e ry  t h i n  p o r t io n s  o f  th e  h ig h ly  non- 
u n ifo rm  a d d i t io n a l  l a y e r  were e f f e c t i v e  on ly  i n  cau s in g  th e  anom aly, and the  
d e c re a se  o f  i t s  a m p litu d e  w ith  in c r e a s in g  D w ere due to  th e  d e c re a se  i n  a re a  
o f  su ch  th in  m acro sco p ic  re g io n s  o f  th e  a d d i t io n a l  l a y e r .
Thus we conclude  t h a t  we have an e f f e c t  due to  some k in d  o f im p u r i t ie s  
d is p la c e d  d e f i n i t e l y  i n s id e  th e  second  e le c t r o d e  a t  ab o u t a  d is ta n c e  D from 
th e  ox ide s u r f a c e .  In  th e  fo rm a tio n  o f  th e se  im p u r i t ie s  an  o x id a tio n  p ro c e ss  
may have an im p o r ta n t r o l e .  I t  i s  p ro b a b le  t h a t  c o n s id e ra b le  amount o f  
tu n g s te n  coming from  th e  so u rce  f i l a m e n t  i s  c o n ta in e d  in  o u r  e v ap o ra te d  Al 
f i l m s .  The o x id a t io n  o f W atoms on th e  s u r fa c e  o f  th e  a d d i t io n a l  l a y e r  cou ld
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g iv e  th e  e f f e c t iv e  im p u r i t i e s .  T his id e a  i s  su p p o rted  by  th e  ex p erim en ts  o f 
K le in  and Leder [1 0 ] . They have found la r g e  zero  b ia s  anom alies  when t h e i r  
A1 e le c t r o d e s  were e v ap o ra te d  from  W f i la m e n t  a t  O2 a tm osphere  o f  5*Ю~5 
t o r r ,  w hich d id  n o t o c cu r f o r  s im i la r  ju n c t io n s  e v a p o ra te d  u s in g  Alumina b o a t  
and presum ably  h a v in g  th e  same amount o f o x ig én  c o n ta in e d  in  t h e i r  A1 
e le c t r o d e s  [7 ]•
The p re s e n t  e x p e r im e n ta l r e s u l t s  can be e x p la in e d  su p p o sin g  lo c a l  
s c a t t e r i n g  o f c o n d u c tio n  e le c t r o n s  on th e  im p u r i t ie s  a s  in  th e  th e o ry  of 
Sólyom and Zawadowski c o n s id e r in g  Kondo s c a t t e r i n g  [1 1 ] . /  W -oxides a re  
in  f a c t  m a g n e tic /. A ccording  to  t h i s  ap p ro ach  the  im ag in a ry  p a r t  o f  the  
s c a t t e r i n g  am p litu d e  le a d s  to  a  d e c re a se  i n  th e  lo c a l  v a lu e  o f th e  e f f e c t iv e  
tu n n e lin g  d e n s i ty  o f  s t a t e s  in  th e  v i c i n i t y  o f  the  im p u r i ty  l a y e r .  The 
s p a t i a l  sp read  o u t o f  t h i s  s u p p re s s io n  o f  th e  d e n s i ty  o f  s t a t e s  i s  c h a r a c te r ­
iz e d  by th e  co herence  le n g th  £ ^ w here д к i s  th e  c u t - o f f  momentum
o f th e  s c a t t e r in g  [1 1 ] . This i s  r e l a t e d  to  th e  en erg y  o f  th e  lo c a l i z e d
m agnetic  d le v e l  m easured from  the  Fermi en erg y , and may be e s t im a te d  toо
a  few p e rc e n t  o f k^, [1 2 ] . By t h i s  £c has to  be o f th e  o rd e r  100 A as  a t y p i c a l  
v a lu e  b e in g  in  r e a s o n a b le  agreem ent w ith  th e  observed  dependence o f  one 
conductance  anomaly on D shown i n  F ig .6 .
The change, m entioned  a lre a d y , in  sh ap e  o f th e  G(V) cu rv es  shown in  
F ig . 5 . can  be e x p la in e d  by su p p o sin g  t h a t  th e  lo c a l  d is tu rb a n c e s  o f the  
c o n d u c tio n  e le c t r o n  G reen’s f u n c t io n  d ie  o f f  w ith  in c r e a s in g  d is ta n c e  th e  
more r a p id ly  th e  f a r e r  th e  en erg y  concerned  l i e s  from  th e  Fermi l e v e l .  The 
narrow ing  o f th e  anom aly w ith  in c re a s in g  t  [13 ] .  i . e .  im p u r ity  c o n c e n tra ­
t io n ,  shown up in  F i g .3 . i s  e x p la in e d  by ta k in g  in to  acxoun t in  a  s e l f c o n s l s -  
t e n t  m anner th e  s u p p re s s io n  o f  th e  d e n s i ty  o f  s t a t e s  in  th e  Kondo s c a t t e r in g  
i t s e l f  [1 2 ] . This e f f e c t  was ob serv ed  i n  o th e r  ex p erim en ts  on g i a n t  zero  
b ia s  anom alies  as  w e l l  [3 ,5 ] .  We m ention t h a t  the  te m p e ra tu re  dependence o f  
th e se  anom alies i s  found  to  be more r a p id  th a n  p r e d ic te d  on ly  by  th e  s ta n d a rd  
kT sm ea rin g . We b e l ie v e  t h i s  to  be due to  th e  s e l f c o n s is ta n c y  a s  w e l l ,  by 
th a t  th e  Kondo s c a t t e r i n g  am p litu d e  i s  e x p e c te d  to  depend  on th e  th e rm a lly  
av erag ed  a c tu a l  d e n s i t y  o f s t a t e s  n e a r th e  im p u rity  l a y e r  r a t h e r  th a n  on 
th e  u n p e rtu rb e d  o n e . From t h e o r e t i c a l  p o in t  o f view  a more d e t a i l e d  d is c u s s io n  
o f  th e s e  e f f e c t s  w i l l  be p re s e n te d  e lse w h e re .
I t  i s  w orth  m en tio n in g  t h a t  in  th e  p re s e n t  ex p erim en t th e  in p la n ta t io n  
o f im p u r i t ie s  c a u se s  presum ably  n e g l ig ib le  a d d i t io n a l  changes i n  th e  s t r u c tu r e  
o f th e  ju n c t io n s .  J u s t  because  o f t h i s  th e r e  i s  a p o s s i b i l i t y  to  compare 
q u a l i t a t i v e l y  th e  a b s o lu te  v a lu e  o f th e  r e s i s t a n c e  o f  th e  "norm al" and 
"anom alous" ju n c t io n s .  In  s p i t e  o f th e  f a c t  th a t  th e  v a lu e  o f th e  zero  b ia s  
r e s i s t a n c e  i s  no t a  w e ll  re p ro d u c ib le  p a ra m e te r  o f tu n n e l  ju n c t io n s ,  a
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g e n e r a l  tendency  co u ld  be ob serv ed  t h a t  anom alous J u n c tio n s  g iv e  c o n s id e ra b le  
h ig h e r  R(0) v a lu e s  th an  th e  norm al ones made on th e  same s u b s t r a t e .  I f  s o , 
t h i s  r u l e s  ou t th e  a s s i s t e d  tu n n e lin g  mechanism [14] f o r  th e  p r e s e n t  c a s e , 
w h ile  i t  i s  in  agreem ent w ith  th e  Sólyom-Zawadowski th e o ry .
In  sum i n  th e  p re s e n t  work g ia n t  z e ro  b ia s  anomaly was found  o c c u r in g  
u n d e r e n t i r e l y  new p r e p a r a t io n  c o n d i t io n s .  The J u n c tio n s  u sed  i n  p re v io u s  
e x p e rim en ts  w ere p re p a re d  by r a th e r  b r u t a l  m ethods l i k e  e v a p o ra t io n  o f 
im p u r i t i e s ,  o x id a t io n  a t  a tm o sp h eric  p r e s s u r e s ,  w hich can c a u se  u n c o n tro l-  
a b le  a d d i t io n a l  changes i n  th e  Ju n c tio n  s t r u c t u r e .  B eside th e  coherence  
le n g th  e f f e c t s ,  we see th e  m ajo r im p o rtan ce  of th e  p re s e n t  ex p erim en t in  
f in d in g  such an anomaly c l e a r l y  due to  ex trem ly  s l i g h t  m o d if ic a t io n  i n  th e  
p r e p a r a t io n .  T h is  su g g e s ts  t h a t  g ia n t  z e ro  b ia s  an o m alies  a re  cau sed  by a  
d ra m a tic  e f f e c t  o f  a  few atom s o r m o le c u le s . I f  t h i s  i s  n o t th e  Kondo 
s c a t t e r i n g  which seems to  be th e  only  known e f f e c t  s tro n g  enough , i t  may 
n o t be much l e s s  i n t e r e s t i n g .  In  agreem ent w ith  o u r c o n c lu s io n  re c e n t  
m easurem ents by W yatt and L y th a l l  [151 have q u a n t i t a t iv e ly  e s ta b l i s h e d  t h a t  
th e  e v a p o ra t io n  o f im p u r i t ie s  in  a t o t a l  q u a n t i ty  am ounting o n ly  to  a 
f r a c t i o n  o f a  u n ifo rm  monatomic la y e r  may cause l a r g e  an om alies  a s  w e l l .
The a u th o r  i s  in d e b te d  to  P r o fe s s o r  L. P á l and P ro f . E. Nagy f o r  
t h e i r  c o q tin o u s  i n t e r e s t  in  t h i s  work, and  to  D r.A .F .G . W yatt f o r  making 
him p o s s ib le  to  pe rfo rm  some c o n tro l  measurements and making new e x p e r im e n ta l 
d a ta  a v a i l a b le  p r i o r  to  p u l i c a t i o n .  He w ishes a ls o  to  thank  many s t im u la t in g  
d is c u s s io n s  to  D rs . A. Zawadowski, A .F .G . W yatt, C. H a rg ita i  , J . Sólyom and 
D. L y t h a l l .
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F ig u re  C ap tio n s
F i g . l .  The sch em a tic  s t r u c tu r e  o f  th e  ju n c t io n s .
F ig .2 . The p l o t  o f  th e  no rm alized  anomalous r e s i s t a n c e  AR(V)/ AR(.0) 
f o r  a  few ju n c t io n s  v e rsu s  th e  lo g a r ith m  of th e  v o l ta g e  
V ./T  = 1 ,7  K ° /.
F ig .5 . N orm alized r e s i s t a n c e  R (V )/ R(0) v s .  th e  v o lta g e  V
c h a r a c t e r i s t i c s *  f o r  t  = 2 7 , 9 ,3  and 1 m in u te s , c a rv e s  а ,Ъ ,с  
and d r e s p e c t iv e ly ?  D = 60 1 , T = 2K°.
/T he  cu rv es  b ,  c ,  d a re  s h i f t e d  u p w a rd s ./
F ig .4 . N orm alized r e s i s t a n c e  R (V )/ R (0 )v s . th e  v o lta g e  V c h a r a c t e r i s t i c s ’ 
f o r  D = 2 5 ,6 0 ,1 0 0  and 150 cu rv es  a , b , c  and d , r e s p e c t iv e ly ;  
t  = 5 m in, T = 2 K°. /The c u rv e s  b , c ,d  a re  s h i f t e d  u p w ard s/.
F ig .5* The c h a r a c t e r i s t i c s ’ shown i n  F ig .4 . p lo t t e d  as n o rm a lized  
conductance  G(V) / G(-200 mV) v s .  th e  v o l ta g e  V. /T h e  cu rves 
b , c ,d  a re  s h i f t e d  u pw ards/.
F i g .6 . The con d u ctan ce  anomaly A G (0)/ GQ (0 ) /w here aG (V) = G(V)-
GQ(V) and G0 (V) i s  the  background c o n d u c ta n c e / a s  a  fu n c t io n  o f  
D, f o r  t  = 5 m in . ,  T = 1 ,7  K°.
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Fig. 3.
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